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BASICS OF THYROID ----- Active space -----

Anatomy 00:01:40

Development :
* First endocrine organ to be formed.
- Develops around 3 to 4 weeks.
* Itis an endodermal derivative :
- It develops from the endodermal cells of the ¥oregu’r.
— Solid mass of endodermal epithelial cells proliferating from the Sloor of
primitive Mnx
- Development occurs at the thyroid pit/ analage which is ot the Sloor of
primitive phorgnx.
- Primitive pharynx : Junction of the anterior a/3™ and posterior 1/3 o
the tonque (M/c site $or ectopic thyroid : Lingual.
- Thecells migrate vio. the khgroid diverticulo.
* The thyroid diverticula. migrates anterior to the trachea. to form the thyroid
gland:
- 8y the end of 5" week thyroid diverticula. breaks down and odrophies
comp\e’ceig.
- The remnant of the diverticula in adults is called foramen caecum.
* Persistence ot thyroid diverticula. gives rise to thyroglossol cyst :
- most commmon site : Sub—hnjoid.
- moves with protrusion of tongue.
- Needs 1o be excised cOmpte’celg.
* parafollicular cells/ Ccells :
- It produces caleitonin
- The extend ot spread of medullary cancer can be assessed by blood
levels of caleitonin.
Differentiated medullary thyroid cancer produces caleitonin.
undifferentiated medullary thyroid cancer produces CeA.
- They develop from the ultimobrancheal body (erivotive of neural erest

and ™ pharyngeal pouch).
Size: 4 xaSxascem.
* when size is 4cm on USEG, it is called ’chgromegalg.
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we'\sh‘t :
* 1-ag ot birth,
* 13-1S 9 in adulthood.
* 8s0meg of T4 per gram of thyroid tissue — Stored hormone in adult
approximately 4000 meg (§0od enough to survive for T weeks).

Blood supply :
Blood flows at the rate of 4-b ml/min/g (&ood blood supply prevents infections).

Superior ’rhSroid ar'cer5 :
* pranch of external carotid ar’cer5.
. Closelg related to external \argnseal nerve.

. L'ga’don done close to the Sland to avoid ir)jurg to nerve.

Inferior thyroid artery :
* @ranch of thyrocervical trunk;, which is a. branch of subclavion artery,
* W supplies the parathyroid gland also, so only capsular branches are ligoted.

Lymphadic drainage :
* Central lymph nodes ®rains to first).
* Loderal deep cervical nodes *
~ Upper pole of thyroid can directly drain into the loteral deep cervical
nodes.
- malignaney of upper pole of thyroid bypasses the central lymph nodes.

Hormone synthesis 00:12:44

Overview :

» 669'ms ot Il weeks.

* earliest hormone to appear is {hgrogtobmin + 39 Daws.
Thgroid binding Slobulin SHn’thesis starts bﬂ 10 weeks.

* Thyroid hormone synthesis (T3 § T4) starts by Il weeks.

* TSH production : 14 weeks.

* Hypotholamopituitary axis is %\5 developed by 18-30 weeks.

Thyoid hormones during intrauterine life (L) :

* Thyroid hormones are required for myelin formation and neurotransmitter
function in o developing babtj before 10" week of IUL — Obtained $rom
maternal T4 being transbered across the placenta :

- maternal iodide de?iciencg —> Cretinism.
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~ Neurological eretinism : Maternal iodide deficiency + maternal thyroid
hormone deficiency —> No brain development — mental retardation/
spastic quadriparesis.
- Fthe de%ciencS persists through out the pregnaney —
mgxedematws cretin,
* matermal 'chgroid hormones :
- T4, T3, TRH, {‘nrgoid related antibodies : Can cross the placento.
— TSH: Does not cross the placento.
B-hC& and TSH have same structure, $o it binds to the TSH receptors on the
thyroid gland to produce thyroid hormones (Specificity spill-over).
Soon after birth there is TSH surge, which comes back to normal after a4
to 48 hours, after which TSH levels are checked using heel-prick method o
rule out congenital hapothwjroid'\sm
* Congenital h5pcl+15ro'\d‘\sm : Normal at birth with normal 1Q.
- 1¥ hormone replacement is started within & weeks of birth, child will be

normal.
COr\Seni’cal hﬂpo&hgroidism Vs eretinism :
Cretinism Congenital hypothuroidism
Neurological § Hypotonio, wide-open posterior fontanelle, macroglossia,
muxedematous features umbilical hernia.
maternal iodine deficiency Thyroid gland dysgenesis (80-8s%) : Defect in
transeription factors
Dyshormonogenesis (s-20%) : TPO mutation
(v ©); transient congenital hypothyroidism
Thgrokoxicosis during pregnancy :
* During pregnancy (I*-14* week) some patients can have thyrotoxicosis
sgmptoms :

- W0 hyperemesis gravida/ vomiting,
- This is due t0.8-hC& acting on the TSH receptors —> Transient
S%ka’donal {hﬁro&oxisis.

- Usually self limiting, no treatment is required.
* Hydatidiform mole produces 1 1.8-hCe — Severe thyrotoxicosis symptoms.
* ODs for thyrtoxicosis during pregnancy :

o. raves disease.

b. Transient gestational thyrotoxisis.

[ Hgda’ddi%rm mole.
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- Active space --—-  Transeription factors :
* Three most important factors include TTF-1 (Wrx-a), TTF-a § PAX-8.
* Defect of TTF-I/ NKX-4 is called erain-lung-thyroid syndrome (Autosomal
dominant) :
- Brain : Choreoothetosis.
- Lung: Infant respiratory distress syndrome.
~ Thyroid : Thgroid dysgenesis.
Defect in TTF-a (FOX-&) (Autosomal recessive) :

- Clett palate. - Thyroid dysgenesis.
- Coanal adresia, spiky hair.

* Defect in PAX-8 (Autosomal dominant) :
- Renal agenesis. - Thyroid dysgenesis.

- Ureteral abnormalities.
* 1&SF-1§ TeLX : Cause central hﬂpo’d'\groidisnx

Steps of thyroid hormone synthesis 00:31:36
Overview:
* 100% T4 (84 meg/day) § 80% T3 (30 meg/day) is produced from the thyroid
gland.

* 80% T3 is produce in the periphery from T4.

* T3is clinical\g more important than T4.

3 Times more potent than T4.

Free $raction of T3 is 0.3% and T4 is 0.0a%.
Nucleor receptor binds onlg to T3.

TY2 0 T3 18-14 hour § T/% of T4 | week.

Hydrob m;m:d
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Thﬂroid hormone sSn’ches‘s
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lodide transport across basolateral membrane : < Active 8paCo ~-—
* Rate lim'rhng step.
* Na-lodide 53mporker :
- lodide transport across basolateral membrane oecurs via No-1
symporter.
- s also present in salvary gland, breast, placenta, &l mucosa, choroid
plexus epithelial cell.
- Thyroid Scmtgraphg/ thyroid radionucieotide scan : Done with help ot
V2% o™,
* ¥ s used for thyroid scintigraphy :
- T3 0% 13 hours.
= Works on the principle of being taken up via. Na-| symporter and Kept
n the ’chgroid.
- Normal uptake b3 ’dwgroid gland is 10-1S% and is compared with the
uptake in salivary gland.
- Gamma. rays are used,
- Nowadays, 1** has been replaced by Te™ as no organification is
required for testing,
* Cold nodules have low expression of Na-1 symporter hence have | uptoke.
L) m :
- 1%: used for PET scan.
- 15 &a&g’chempg/ labelling agent for radio-immuno assay (R1A).
- 1¥": Naturally occurring form of iodide.
- 1*: Radio iodine treatment (T2 of 8 days).
* No-l snjmpor’cer is inhibited b5 a drugs :
- Thxocgamie
- Perchlorates.
At the end of this step, iodide is inside the follicular epithelial cells.

lodide transport across the apical membrane :
* Done with help of chioride-iodide antiport (Pendrin/ Anoctamin).
* Pendred syndrome
-~ SLCAA, mutation (Autosomal recessive).
- Characterized bﬂ goiter + sensory neural hearing loss.
- Pendrin gene is also seen in cochlea. of the inner ear :
malformation is called mondini malformation of cochlea.
Patients are usuallly ewchgroids can have hgpo’chgroidism
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Organification/ oxidation :
* Process of conversion of odide to iodine (- — \).
* Done with help of a enzymes :
- Thyroid peroxidase (TPO) :
Heme conto.ining enzyme.
TPO mutation is the m/c cause for dyshormonogeness.
- Dual oxidase (DUOX-Q) :
NADPH confaining enzyme.
Caleium requiring enzyme.

lodination :
* Process of attachment of iodine molecules to tyrosine residues present over
Hngroslobmm molecule.
* &nd product : Monoiodo tyrosine (MIT)/ di-iodo tyrosine (©IT).
* This step requires TPO.
COuplins :
* MIT +OIT = T3.
¢ DIT +OIT = T4,
* Happens with the help of TPO.

&ndocgtosis :
* Thyroglobulin taken back into the follicular epithelial cells.
Release of T4 and T3:
* Occurs Via hgdrolgsi&
* Inhibited bg odides.
* Dehalogenase : Removes excess iodide and released back into the pool via.
pendrin.
Release of hormones :
* Requires receptor MCT-8 :
- Only receptors that allows transport of T4 § T3 into the brain.
- Mutation of MCT-8 — Allan herndon dudley syndrome (AHDS) :
o. X-linked recessive.
b. Causes mental retardation and spastic paraparesis.
c. T3 foxicosis * T3 that had to be transported to the brain is channeled
back into the blood.
d ToH |, T4 |.
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